Summary A rapid rate of isolation of molar-tooth germs from rodents aged from 19 embryonic days to 7 days postnatal can be achieved. The procedure is of direct application to biochemical studies of odontogenesis where relatively large amounts of tissue are often required. The quality of dissection, assessed by morphological and organ culture criteria, extends the application of this procedure to general use in the isolation of molar-tooth germs from rodents.
Molar-tooth germs from rats and mice are commonly utilized in morphological and organ culture studies of odontogenesis,
as they provide a model in which mineralization and well-characterized epithelialmesenchymal interactions occur. Further, the events and mechanisms appear similar in many respects to those of human molar odontogenesis. As the nature of the substances effecting these events is largely unknown, an increasing amount of biochemical research is being undertaken.
Biochemical studies generally require large amounts of tissue. Although this problem can be overcome by using tooth germs from larger animals (rabbits, sheep, cattle), the advantages of the small rodent, with its relatively well-understood anatomy, physiology, biochemistry and immunology, are lost. The small mass of developing rodent molar-tooth germs necessitates the use of large numbers of animals (a wet 1st molar from a 5 day old rat weighs about 5-8 mg). The only comprehensive method of tooth germ dissection reported in the literature (Lefkowitz & Mardfin, 1954) was orientated towards asepsis and minimal trauma, both factors being prerequisites to the successful organ culture of molar-tooth germs. The procedure is, however, time-consuming. This paper describes a method which we have developed for the rapid atraumatic isolation of molar-tooth germs from rodents. The procedure for the dissection of 1st and 2nd molar-tooth germs from a 5 day postnatal rat is described. Tooth germs of this age are particularly suitable for biochemical analysis as the full developmental cycle, from cell differentiation to early mineralization, is represented. The principles may, however, be applied to animals of different ages, from 17 or 18 days embryonic age to 7 days postnatal.
The method combines ergonomic principles and the use of natural tissue cleavage planes, resulting in a simple isolation technique with the use of a minimal number of simple instruments. It can readily be performed aseptically, and under laminar airflow.
Materials and methods

Instruments
Microdissection was performed under a binocular dissecting microscope (x 10) with a fibre-optics illumination system providing an accurately-directed cold light source. Single-edged razor blades, fine dissecting scissors, and sharp-and blunt-nosed straight watchmaker's forceps were required for decapitation, jaw separation and microdissection respectively. An ice-bath, a small quantity of physiological saline, a carcass disposal container, 2 petri dishes of 15 em diameter and an animal cage were also required.
Preparation ofjaws
To facilitate subsequent microdissection, animal heads were dissected grossly into 2 portions, containing maxilla and mandible respectively. An animal was anaesthetized with ether, removed from the cage, placed in a petri dish and decapitated. The body was disposed of. The head was positioned between thumb and forefinger of the operator's left hand to enable the blunt-nosed forceps in the right hand to be passed through the animal's oral cavity into the subcranial and cervical tissues, and out the other side. The forceps were then allowed to spring open, effectively immobilizing the head and propping open the jaws. The head was next controlled with the forceps in the left hand, whilst scissors in the right hand were used to cut through buccal and cranial tissues from the commissure to the tragus. The forceps within the oral cavity also served to prevent damage occurring to the tooth germs when the scissors were being positioned for this cut. The head was rotated through 180 0 and the scissor cut repeated on the contralateral side. The forceps were removed, the maxillary and mandibular portion hinged apart with thumb and fingers of the left hand, and the retropalatal tissues cut with the scissors, thereby separating the 2 portions. The maxillary portion was placed palatal surface down on ice, whereas the mandibular portion was placed lingual surface up in a petri dish on the microscope stage.
Microdissection of tooth germs
The mandibular portion consisting of the mandible, tongue and soft tissues, was orientated by rotating the petri dish until the sagittal plane lay transversely with respect to the operator, with the symphysis to his right. Blunt-nosed forceps, in the left hand, were used to grasp each side of the far half mandible, below the level of the tooth germs. Thus, one side of the forceps lay in the lingual sulcus, the other in the buccal sulcus, effectively immobilizing the tooth-germ bearing portion of the mandible. Sharp-nosed forceps, in the right hand, were used to firmly grasp the gum pad and soft tissues in the retromolar region behind the tooth germs. Maintaining a firm grasp, these tissues were torn forward, exposing the alveolar region. Similarly, the soft tissues and a small amount of alveolar bone anterior to the 1st molar were grasped and torn medially. In most instances the tooth germs were then sufficiently exposed to be readily shelled out of their crypts. The sharp-nosed forceps were gently inserted under the 1st then 2nd molar, from a medial direction, and the tooth germs lifted out onto the adjacent lingual tissues. Any remaining soft tissue attachments were then freed using the sharp-nosed forceps. The same instrument was carefully used to transfer the isolated tooth germs to the cold saline rinse. The blunt-nosed forceps were then transferred to grip the near half mandible in an identical manner, and the procedure was repeated. On completion of the mandibular tooth germ dissection, the remaining tissues were discarded.
The maxillary portion was next placed, palatal surface up, under the microscope. Orientation was performed as before for the mandible, with the premaxilla to the operator's right. Blunt-nosed forceps, in the left hand, were positioned with one side in each buccal sulcus. Moderate downward pressure immobilized the portion and retracted the buccal soft tissues to clearly expose the alveolar regions at the lateral margins of the palate. Sharp-nosed forceps, in the right hand, were drawn firmly along the midpalatal suture, penetrating the palatal soft tissues. The immature bony palate was exposed by peeling the palatal soft tissues from each side of the midline, laterally, and then the actions continued until the alveolar regions were exposed. Often the tooth germs were sufficiently exposed at this stage to be shelled out Kardos & Hubbard but, in many cases, removal of the buccal alveolar bone was required. This was readily achieved by inserting closed sharp-nosed forceps into the relatively thick interdental wedge of bone between 1st and 2nd molar, and removing it laterally. Isolated tooth germs were once again carefully transferred to the cold saline rinse.
The procedures have been described for a righthanded operator. One of the authors is left-handed and followed an almost identical handling pattern.
Results and discussion The methods described allowed the rapid and atraumatic isolation of molar-tooth germs from postnatal rats of 5 days of age. These methods have been applied successfully to rats and mice of 19 days embryonic age to 7 days postnatally and, with some minor difficulty, to 17 and 18 day embryos.
An experienced operator, on his own, can comfortably process 14 animals in an hour. With assistance this number can be doubled. The rate is considerably higher than that we were able to achieve following the methods of Lefkowitz & Mardfin (1954) .
In addition, the method is relatively atraumatic to the tooth germs, as assessed at histological and ultrastructural levels, and on the basis of successful organ culture of isolated tooth germs. The high quality of dissection, using these criteria, makes the procedure suitable for general use in isolation of molar-tooth germs from rodents.
The tearing of tissues along natural cleavage planes is used in this method. The presence of these planes in the follicular tissues surrounding the tooth germ allows removal of perifollicular tissues without interference to the underlying germ. It is essential, however, that the site of tear initiation is always remote from the tooth germs, hence avoiding the possibility of inflicting direct trauma. In a few instances, additional soft tissue removal is required to expose the tooth germs sufficiently for them to be readily shelled out, but invariably this reflects an inadequacy in the tearing procedures.
The described method is suitable for tooth germs in rodents up to 7 days postnatal age, whereas with the alternative method (Lefkowitz & Mardfin, 1954 ) difficulty was experienced with animals older than 21 days embryonic age. In agreement with these authors, however, we found molar-tooth germs from animals 17-19 days embryonic age difficult to isolate. Unlike their method, a minimal amount of pr.eparatory macrodissection was required. Instead, efficient use was made of blunt-nosed forceps to immobilize the jaw segments and simultaneously retract the soft tissues. Furthermore, indirect dissection and tearing of tissues along natural cl~avage planes were used in preference to direct excisional d;ssection, minimizing accidental tissue damage.
Dissection of rodent molar tooth germs
The procedures described herein are based on ergonomic principles, with efficient handling of a minimal number of simple instruments and a flowing work pattern. A rapid rate of work may thereby be maintained in a relaxed manner over long periods.
